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Introduction
In this work we discuss the previous research findings obtained from the labour-augmented Schumpeter meeting Keynes (K+S) agent-based model concerning comparative dynamic experiments on an artificial economy populated by heterogeneous, interacting agents. The exercises are characterised by different degrees of labour flexibility (Dosi et al., 2017b) , or by institutional shocks entailing labour market structural reforms (Dosi et al., 2017a) , wherein the phenomenon of hysteresis is endogenous and pervasive (Dosi et al., 2018a ). The K+S model constitutes a laboratory to evaluate the effects of new institutional arrangements as active/passive labour market policies and fiscal austerity (Dosi et al., 2018b) . In this perspective, the model allows mimicking many of the customary policy responses which the European Union and many Latin American countries have embraced in reaction to the recent economic crises. Table  1 summarizes the main topics covered here and point to the papers in which they were separately discussed. 1 The main contribution of the paper is connecting all these points in a unified perspective. In respect to the existing literature in modelling decentralised labour markets, we shall argue that the labour-augmented K+S model advances the analysis because it nests the process of endogenous technological change and business cycles within the institutional dynamics of the labour market. Declined under different regimes of growth, the model accounts for the emergence of hysteresis, at the macroeconomic level, due to the microeconomic dynamics and the ensuing feedbacks between the two levels. In doing so, the research stream based on the model represents a fresh approach to address a series of old questions in economic theory, including the emergence of involuntary unemployment, the relationship between employment and functional inequality (via class-consumption dynamics), the link between labour market flexibility and wage dispersion, skills deterioration and hysteresis, and the endogenous emergence of long-lasting, severe recessions (super-hysteresis).
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The set of theoretical questions presented above are addressed by means of a complexity approach, namely the agent-based modelling (ABM) methodology (Tesfatsion and Judd, 2006) . A well-known and familiar approach to macroeconomic phenomena analysis involves simplifying the heterogeneous interactions of a complex evolving system into the behaviour of a rational, forward-looking representative agent, possibly perturbed by some frictions, adjustment lags or informational imperfections. However, such an assumption, that the working of modern economies is basically equivalent to the behaviour of a central planner, rules out -by construction -all the macro questions which entail and/or depend on the interdependence and coordination (including likely failures) among agents. At the opposite methodological end, the ABM approach explicitly acknowledges the threads of interdependence among the multitude of individually-and functionally-differentiated agents, as well the challenge of coordination in such scenario.
More in details, agent-based models are large-scale, computational devices which allow the simulation of artificial economies wherein ensembles of heterogeneous agents interact on the ground of simple, non-optimizing behavioural rules. Aggregate-level outcomes are the emergent properties from the interactions of such bounded-rational agents. 2 Unlikely dynamic stochastic general equilibrium models (DSGE), driven by the search of closed-form solutions derived from linearisation around equilibrium conditions (see Stiglitz, 2018 , for the latest critique to DSGE models), ABMs are open-ended systems where the notion of coordination substitutes the requirement of equilibrium. Moreover, such models may display path dependence along each simulated history, as well as between alternative simulations. Short of any derivation from some principle of rationality, ABMs ought to be primarily judged on their ability to reproduce as emergent properties sets of stylised facts, i.e., empirically observed statistical regularities. The use of agent-based models has become the standard practice in many disciplines dealing with complex phenomena, wherein the micro and the macro levels are not isomorphic. More recently, these models have also been adopted in economics (for a recent review on ABM macroeconomics, see Fagiolo and Roventini, 2017) . Indeed, the features of ABMs are particularly suited to the analysis of economic phenomena characterised by disequilibrium processes and asymmetric interactions among persistently-heterogeneous agents.
In what follows, the K+S model is employed as a laboratory to study the effects of policy interventions intended to restore steady economic growth and full employment. In particular, we address the impact of labour market structural reforms, and compared the economic system performance under several forms of supply-side and demand-management policies. When performing the policy experiment evaluations, we apply a rigorous validation protocol aimed at replicating both micro and macroeconomic stylised facts, analysing distributional moments and shapes, correlations, and the presence of non-linearity, tipping points and non-ergodicity of/among the time series. Finally, we employ cutting-edge, large-scale, global sensitivity analysis to entirely explore the model parametric space. Additional details about each of those points can be obtained in the papers listed in Table 1 , including the key modelling novelty introduced in each one.
The paper is organized in seven sections, plus this introduction and some concluding discussions. The next section briefly presents the key literature on the points covered here. Section three introduces the K+S model. Section four comparatively assess the performance of different institutional set-ups configured in the model, including the transitional policy shocks. Section five deals with the phenomenon of hysteresis in the macroeconomic system. Section six evaluates the effect of fiscal and active labour market policies to mitigate severe crises. Finally, section seven summarizes the main feedback mechanisms between the micro and the macro levels found in the preceding analyses.
Facts or beliefs?
When talking about labour markets, the general belief, widespread both in the profession and in the policy debate, is that the primary cause of unemployment rests on various forms of labour market rigidities. The OECD (1994) Jobs Study is a classic reference in the advocacy of benefits from labour market liberalization. The report basically argues that the roots of unemployment reside in social institutions and policies such as unions, unemployment benefits, and employment protection legislation. Under this perspective, the ultimate target for reforms should be fostering productivity and output growth by tackling such bottlenecks. More precisely, the OECD Jobs Strategy contains three recommendations directed at making wage and labour cost more flexible, namely (i) remove restrictions that prevent wages being respondent to local market conditions; (ii) reform the employment protection legislation (EPL), abolishing legal provisions that can inhibit the private sector's employment dynamics; and (iii) reform the social security benefits such that equity goals can be reached without impinging the efficient functioning of labour markets (OECD, 1994) .
These policy recommendations were the results of a so called "Unified Theory" or "Transatlantic Consensus", also known as the "OECD-IMF orthodoxy" (Howell, 2005) or the "BerlinWashington Consensus" (Fitoussi and Saraceno, 2013) according to which labour market institutions such as collective bargaining, legal minimum wages, employment protection laws and unemployment benefits foster rigidities that make job creation less attractive for employers and joblessness more appealing for workers. This is supposed to occur via two routes. First, the induced downward rigidity on wages (and thus the purported reduction of labour demand) and, second, an excessively high wage for low-skilled workers (and, thus, again a purported lower demand for them). Such a theory would in fact predict an efficiency-equity trade-off: societies have to choose between efficiency (reducing unemployment but increasing inequality) or equity (reducing inequality but increasing unemployment).
However, the empirical coherence of the "Unified Theory" has proved to be rather weak. Howell and Huebler (2005) find little evidence of the unemployment-inequality trade-off both in level and growth variables for 16 OECD countries in the period 1980-1995. On the contrary, Stiglitz (2012 Stiglitz ( , 2015 suggests that high income inequality induces a lack of aggregate demand which yields higher unemployment rates, having rich people a lower propensity to consume, in line with the whole Keynesian/Kaldorian tradition. Heathcote et al. (2010) find evidence that during recessionary phases low-income workers are more severely hit by lay-offs, implying that income concentration diverts toward upper classes in these periods. Maestri and Roventini 5 (2012) confirm a positive cross correlation between inequality and unemployment in Canada, Sweden, and the United States.
Concerning labour market structural reforms, during the years of the recent European crisis (and also before), several Union members and particularly the Mediterranean countries have introduced policies aimed at labour market flexibilization such as the Jobs Act in Italy and the reform of the Code du Travail in France. However, Oswald (1997) , Baccaro and Rei (2007) , Avdagic and Salardi (2013) , Avdagic (2015) and Storm and Naastepad (2012) , on more recent datasets, find no compelling evidence on the revealed benefits of labour market liberalization.
Regarding inequality and focusing on the US, DiNardo et al. (1996) and Fortin and Lemieux (1997) find that deunionization (for men) and the stagnant minimum wage (for women) have been the core institutional determinants leading to the increasing inequality trend in the country. Similarly, a recent IMF report (Jaumotte and Buitron, 2015) focuses, among all possible causes of inequality, on the institutional changes that occurred in the labour market as a driver of more unequal income distribution. Interestingly, the authors find in the transformation of labour market institutions the source of both functional and personal inequalities.
Due to the blossoming evidence which markedly question the "recipe" of labour market structural reforms, in the last decade OECD retreated from some questionable claims proposed in the Jobs Strategy, acknowledging that evidence on the effect of EPL is not conclusive, as the emergence of temporary contracts can have undesirable effects, like dualism in the job market, and that the effect of unionization should be more carefully analysed (Freeman, 2005) . However, notwithstanding the lack of any compelling evidence on the ability of labour market structural reforms to reduce unemployment, such a belief stubbornly persists.
The policy discourse on fiscal austerity has taken a similar route. In fact, notwithstanding the lack of empirical support, the European and other national policy agencies (e.g., Brazil, Argentina etc.) have embraced "expansionary" austerity with an ensemble of initiatives, like the widening and deepening of the Maastricht Treaty, namely the European Stability and Growth Pact (1997) and the subsequent Fiscal Compact (2012). The Mediterranean countries have been hit the hardest by such policy packages. However, the experiments did not work well also for the European Union as a whole, with many macroeconomic indicators still below their precrisis levels. On top of that, a diverging trend between Northern and Southern countries has dramatically emerged.
In the following, we bring together the two strands of what may be named the "BerlinChicago Consensus" and analyse, first, the relative impact of active labour market policies (ALMP) under different labour market regimes, and, second, the complementary effect of Fiscal Compact-like rules. Indeed, our results boil down to a complete debunking of the old OECD-IMF consensus. Firstly, we show that the more flexible are wages and employment and the weaker are institutions supporting wages and workers welfare, the more fragile is the economy. Keynesian coordination failures are higher and severe crises more likely. Conversely, seemingly more rigid labour markets and industrial relations are conducive to coordination successes with higher and smoother growth. Secondly, the introduction of labour market structural reformsaimed at altering the wage formation mechanisms and reducing unionization, unemployment benefits and minimum wages -are likely to yield both higher inequality and structural unemployment without fostering productivity or GDP growth, and ultimately leading to severe and long-lasting recessions, from which become particularly hard to escape.
The labour-augmented K+S model
K+S is a general disequilibrium, stock-and-flow consistent, agent-based model, populated by heterogeneous firms and workers, who act according to bounded-rational behavioural rules. More specifically, we extend the original "Schumpeter meeting Keynes" (K+S) model (Dosi et al., 2010) to account for explicit and decentralized interactions among firms and workers in the labour market. In particular, the labour-augmented K+S model allows (i) to create an alternative to the standard search and matching models which account for unemployment as only a frictional, non-structural phenomenon in the matching process; (ii) to nest the process of endogenous technological change within a model constrained by the institutional dynamics of the labour market, with varying degrees of flexibility and alternative hiring-firing schemes; (iii) to evaluate both functional and personal income inequality, which in absence of a heterogeneous workforce would not be possible; (iv) to account for the set of labour market stylised facts, namely, matching functions, structural unemployment, Beveridge-, Wage-and Okun curves, and the correlation of productivity standard deviation with unemployment-vacancy rate. Indeed, this evolutionary model is able to deal not only with growth and fluctuations but also with the institutional regime changes in the wage-labour nexus. 3 The modelled economy is composed by four populations of heterogeneous agents, N 1 t capital-good firms (denoted by the subscript i), N 2 t consumption-good firms (subscript j), L S consumers/workers (subscript ), B banks plus the Central Bank and the Government. The basic structure of the model is depicted in Figure 1 . Capital-good firms invest in R&D and produce heterogeneous machine-tools whose productivity stochastically evolves over time. Consumption-good firms combine machines bought from capital-good firms and labour in order to produce a single quality-differentiated good for consumers. There is a financial system represented by banks which provide credit to firms for production and investment plans fi-nancing. The central bank sets the prime interest rate and may require compulsory reserves from banks. The government levies taxes on firms and pays unemployment benefits, keeping a relatively balanced budget in the long run.
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Workers submit job applications to a random subset of firms, with probability proportional to the size of the latter. Firms hire according to their individual demand expectations and fire respecting the institutional set-up, as described below. Banks, the government and the central bank do not need workers.
In the following, we first briefly describe the capital-and the consumption-good sectors of our economy and then the labour market configuration and dynamics. Next, we present the two main labour-market policy regime settings, labelled Fordist and Competitive. Finally, the aggregate consumption determination and the Government role are detailed. The firms' behavioural rules, the innovation process, and the model's variables and parameters set-up are further detailed in Dosi et al. (2017b) .
The capital-and consumption-good sectors
The capital-good industry is the locus where innovation is endogenously generated in the economy. Capital-good firms develop new machine-embodied techniques or imitate the ones of their competitors in order to produce and sell more productive and/or cheaper machinery. The capital-good market is characterized by imperfect information and Schumpeterian competition driven by technological innovation and imitation. Machine-tool firms signal the price and productivity of their machines to the existing customers as well to a subset of potential new ones and invest a fraction of past revenues in R&D to search for new machines or copy existing ones. On order, they produce machine-tools with labour only, supplied to consumption-good firms. Prices are set using a fixed mark-up over unit (labour) costs of production.
Consumption-good firms produce a homogeneous good employing capital (composed by different "vintages" of machines) and labour under constant returns to scale. Desired production is determined according to adaptive demand expectations. Given current inventories, if the capital stock is not sufficient to produce the desired output, firms order new machines to expand their installed capacity, paying in advance -drawing on their cash flows or, up to a limit proportional to its size, on bank credit. Moreover, they replace old machines according to a payback-period rule. As new machinery embeds state-of-the-art technologies, the labour productivity of consumption-good firms increases over time according to the mix of machine vintages present in the capital stock. Consumption-good firms choose in every period a capitalgood supplier by comparing price and productivity of the machines they are aware of. Then, firms fix prices applying a variable mark-up rule on production costs, trying to balance higher profits and market share growth. More specifically, mark-up dynamics is driven by the latter: firms increase their margins whenever market shares expand and vice versa. Imperfect information is also the normal state of the consumption-good market so consumers do not instantaneously switch to the most competitive producer. Market shares evolve according to a (quasi) replicator dynamics: more competitive producers expand while firms with relatively lower competitiveness shrink, or exit the market. 
Labour market regimes
We study two labour market regimes, which we call Fordist and Competitive. The two regimes entail distinct, explicitly micro-founded labour markets different in their job search activity, firing rules adopted by firms, mechanisms of wage determination and labour market institutions. 4 They are telegraphically sketched in Table 2 .
Under the Fordist regime, wages are insensitive to the labour market conditions and indexed to the productivity gains of the firms themselves. There is a sort of covenant between firms and workers concerning "long-term" employment: firms fire only when their profits get negative, while workers are loyal to employers and do not seek for alternative occupations. Labour market institutions contemplate a minimum wage fully indexed to aggregated economy productivity and unemployment benefits financed by taxes on profits. With such a regime we mean to capture the main features of a historical period (roughly the three decades after World War II) characterized by (i) low probability of workers being unemployed, (ii) a wage dynamics mostly insensitive to the business cycle, (iii) a wage growth rate indexed upon the productivity growth, (iv) the mass production and consumption of goods, (v) a shrinking degree of inequality, and (vi) significant, tax-based, unemployment benefits.
Conversely, in the Competitive regime, flexible wages respond to unemployment and market conditions, set by means of an asymmetric bargaining process where firms have the last say. Employed workers search for better paid jobs with some positive probability and firms freely adjust (fire) their excess workforce according to the planned production level. Competitive regime is also characterized by different labour institutions: minimum wage is only partially indexed to productivity and unemployment benefits -and associated taxes on profits -might or might not be there.
FORDIST COMPETITIVE
Wage sensitivity to unemployment rigid flexible Search intensity unemployed only unemployed and employed Firing rule under losses only shrinkage on production or only temporary contracts or increasing protection contracts Unemployment benefits / tax on profits yes no or reduced Minimum wage productivity indexation full partial Table 2 : Main characteristics of tested policy regimes. Source: Dosi et al. (2017a) .
Matching and hiring
The aggregate supply of labour L S is fixed. In the consumption-good sector, total desired labour demand L d j,t by any firm j in period t is determined by the ratio between the desired production Q d j,t and the average productivity of its current capital stock A j,t :
A similar process is performed by firms i in the capital-good sector to define L d i,t , considering effective orders Q i,t and labour productivity in the current machine-producing technique B i,t . 5 In turn, desired consumption-good production Q d j,t is based on expected demand D e j,t , computed by a simple adaptive rule: 6
where D j,t−h is the demand actually faced by firm j at time t − h (h ∈ N * is a parameter and g : R h → R + is the expectation function). Additionally, the desired level of production Q d j,t depends also on the desired inventories N d j,t = ιD e j,t (ι ∈ R + is a parameter) and the actual inventories left from previous period N j,t−1 :
In each period, according to the dynamics of the market and conditional on the labour market regime, firms decide whether to hire (or fire) workers. The decision is taken according to the desired production Q d j,t . In case of an increase in production, ∆L d j,t new workers are (tentatively) hired in addition to the existing labour force L j,t−1 :
Each firm j gets, in probability, a fraction of the applicant workers in its candidates queue, proportional to its market share f j,t−1 :
where ω ∈ R + is a parameter defining the number of job queues each seeker joins, in average, and E(L s j,t ) is the expected number of workers in the queue of firm j in period t. As workers can apply to more than one firm at a time, firms may not be able to hire all workers in their queue, even when they mean to. Considering the set of workers in the candidates queue { s j,t }, each firm has to select to whom to make a job (wage) offer. The set of desired workers { d j,t }, among those in the queue { s j,t }, is defined as:
that is, the firm targets workers that would accept its wage offer w o j,t , considering the wage w r ,t requested (if any), up to its demand of workers ∆L d j,t . Therefore, the number of effectively hired workers (the size of set { h j,t }) is:
Search, wage determination and firing
The search, wage determination and firing processes differ between the two regimes. More precisely, under the redundancy rules of the Competitive regime any change in the desired production usually entails a (positive or negative) variation in the firm-level labour demand. Not so under the Fordist regime, wherein labour "hoarding" (during the bad times) is the rule.
The baseline: Fordist regime
In the Fordist regime, the implicit pact among firms and workers implies that the latter never voluntarily quit their job, while firms fire employees (∆Q d j,t < 0) only when experiencing negative profits Π j,t−1 and shrinking production ∆Q d j,t . 7 Conversely, only unemployed workers search for jobs.
Wages are not bargained. Firm j unilaterally offer a wage w o j,t based on the past offers according to the rule:
The wage premium W P j,t is is defined as:
being A t the aggregate labour productivity, A j,t the firm-specific productivity, and ψ 2 , ψ 4 ∈ [0, 1], parameters. A distinctive feature of this regime is that gains in labour productivity and hence, indirectly, the benefit from innovative activities are passed to workers via wage increases. Moreover, wages are not only linked to firm specific performance but also to the aggregate productivity dynamics of the economy. Finally, note that w o j,t is simultaneously applied to all existing workers of firm j, so there is no intra-firm differential in wages. Indeed, the Fordist regime describes a wage-labour nexus where the workers purchasing power is directly linked with firm productivity gains: the sum ψ 2 + ψ 4 , i.e. the institutional parameter which establishes the division of productivity gains between firms and workers, in the Fordist regime is set to 1. The Fordist wage determination process induces a twofold virtuous cycle, namely one which goes from productivity to wages to aggregate demand and the other going from aggregate demand to investments (the Keynesian accelerator) to profits. 8
The introduction of structural reforms: Competitive regime
The introduction of structural reforms to spur flexibility in the labour market implies that the social compromise embodied in the Fordist Regime is partially or totally removed. In the new Competitive setting, wages adjust to labour market conditions: firms freely hire and fire in each period, and employees can actively search for better jobs all the time. 7 Of course, firms exiting the market always fire all their workers. 8 Wages are not unbounded, as each firm j can afford to pay a salary w o j,t up to a maximum break-even wage w max j,t that is the wage compatible with zero unit profits. This wage is defined as the product between (myopically) expected prices pj,t−1 times existing productivity Aj,t−1:
Workers have an institutionally-determined reservation wage equal to the unemployment benefit w u t they would receive in case of unemployment. The wage w r ,t requested by worker is a function of the individual unemployment condition and the past wage history. If the worker was unemployed in the previous period, the requested w r ,t shrinks. More specifically, she will ask the maximum between unemployment benefit w un t (if available) and her own satisfying wage w s ,t :
with the parameter ∈ R + . The satisfying wage accounts for the recent wage history:
that is, as the moving average salary of the last T s ∈ N * periods. Considering job applications and knowing the required number of workers ∆L d j,t to hire, the wage offered by each firm is the minimum that satisfies enough workers in its queue { s j,t }. So, it is the highest wage asked by the cheapest available workers which fulfils ∆L d j,t :
Employed workers search for better-paid jobs in each period. If a worker gets an offer from another firm n, she decides whether quitting or not the current employer j if w o n =j,t ≥ w r ,t . That is, worker quits firm j if she receives a wage offer w o n =j,t from at least one firm n that is equal or higher than her required wage w r ,t .
Model closure: the Government and consumption determination
In the model, a highly stylized government taxes firm profits at the fixed rate tr ∈ R + , and provides a benefit w un t to unemployed workers which is a fraction of the current average wage:
where ψ ∈ [0, 1] is a parameter andw ,t−1 , the past period average wage. Therefore, the Government total expenses are:
being L S and L D t the total labour supply (fixed) and demand (employed workers), respectively. We assume workers fully consume their income. 9 Accordingly, desired aggregate nominal consumption C d t depends on the income of both employed and unemployed workers plus the desired unsatisfied nominal consumption from the previous period (the
The dynamics generated at the micro level by the decisions and interactions of a multiplicity of heterogeneous adaptive agents is the explicit micro-foundation for all aggregate variables of interest (e.g., output, investment, employment). The model satisfies the standard national account identities: the sum of value added of capital-and consumption-good firms Y t equals their aggregated production Q 1 t + Q 2 t , as in our simplified economy there are no intermediate goods. Total production, in turn, coincides with the sum of real aggregate effective consumption C t , real investment I t and change in inventories ∆N t :
Finally, the Government may establish an institutional minimum wage w min t which imposes a lower bound to the firm-specific wage setting behaviour:
Timeline of events
In each time step, firms and workers take their decision according to the following timeline:
1. Machines ordered in the previous period are delivered;
2. Capital-good firms perform R&D and signal their machines to consumption-good firms;
3. Consumption-good firms decide on how much to produce, invest and hire/fire; 11. Consumption-good market opens and the market shares evolve according to competitiveness;
12. Firms in both sectors compute their profits, and repay debt if needed;
13. Firms with near-zero market share or negative net assets exit the market and replaced by entrants;
14. Aggregate variables are computed and the cycle restarts.
Empirical validation
The original K+S model has already shown to be able to reproduce a rich set of macro and micro stylized facts (see Dosi et al., 2010 Dosi et al., , 2013 Dosi et al., , 2015 . Moreover, the present version, which explicitly accounts for microeconomic firms-workers interactions (cf. Figure 1) , is able to robustly reproduce most of the labour market empirical regularities as recalled in Figure 2 presents the results replicating four of the stylized facts (for the remaining ones, please refer to Dosi et al. (2017b) ). Figure 2a shows a (log-normalized scale) histogram of the GDP growth rates produced by the model, plus a Laplace-distribution fit (in line with the evidence in Fagiolo et al., 2008; Ascari et al., 2015) . Figure 2b reports the BK-filtered dynamics of the vacancy-to-unemployment rate and the (log) average productivity, displaying the characteristic strong synchronization between the two variables. Figure 2c presents the model's typical Beveridge curve (the negative correlation between unemployment and vacancy rates) and Figure 2d , the matching function curve (the positive correlation between vacancyto-unemployment and job-finding rates), both similar to the usual empirical data.
Comparative institutional dynamics
Initially, we employ the labour-augmented K+S model to undertake a few exercises of comparative institutional dynamics, evaluating the long-term performance of economies characterised by labour market institutional set-ups under alternative degrees of liberalization. Next, we study the effect of institutional shocks -the introduction of structural reforms -within each simulated history. In both sets of experiments, the term of comparison between the two regimes described above shall be the economic performance measured by a set of common indicators, as the growth rate and volatility of GDP, the likelihood of crises, the unemployment level, and some inequality metrics.
Comparative dynamics under different labour market regimes
To test the effects of different levels of "flexibility" of the labour market, let us start comparing the Fordist regime with four alternative varieties of the Competitive case, namely:
1. FORDIST: the baseline; 2. COMPETITIVE: full indexation of minimum wage and reduced unemployment benefits; 3. COMPETITIVE: partial indexation of minimum wage and no unemployment benefits; 4. COMPETITIVE: full indexation of minimum wage and no unemployment benefits.
We compare the two regimes in terms of (i) long-run rate of GDP growth; (ii) volatility of GDP growth rate; (iii) likelihood of crises; (iv) productivity growth; (v) unemployment rate; (vi) frequency of full employment periods; (vii) tenure rate of the workforce; (viii) Gini index of workers' income. In such comparisons, we hold the Fordist regime as the benchmark, a reference to the "Golden Age" of capitalism, and gradually remove the supposed institutional rigidities in the labour market, somewhat in line with the recent historical record.
Firstly, we do not consider in detail the most extreme, institution-free, version of the Competitive regime, without employment protection, minimum wage, nor unemployment benefits. Note that such scenario is the nearest to textbooks "market perfection". However, under these conditions the modelled economic system is most of the time near to collapse: the long-term rate of growth is two orders of magnitude inferior (basically zero) and the short-run is dismal, with extremely high unemployment rates under substantial volatility and inequality levels. 10 Our results add to those from Dosi et al. (2010) . There, we found that the "Schumpeterian engine" of innovation alone, without a "Keynesian engine" of autonomous demand generation/stabilization, was basically sterile. The findings here strengthen and refine such conclusion in that an institution-free labour market tends to destroy the link between wages and aggregate demand formation. 11 The three Competitive set-ups listed above show an overall more fragile and prone to crises when compared to the Fordist regime, even when some level of active welfare policies is present, as depicted by Figure 3 . In fact, GDP growth rate (Figure 3(a) ), volatility of GDP (Figure 3(b) ), likelihood of crises (Figure 3(c) ), and unemployment rate (Figure 3(d) ) are significantly higher in the competitive scenarios.
FORDIST (1) COMPETITIVE (2) COMPETITIVE (3) COMPETITIVE (4)
Baseline Ratio p-value Ratio p-value Ratio p-value Table 4 presents results for the three Competitive regime specifications defined above as a ratio to the Fordist case (the baseline). The table also shows the two-means t-test comparing if the average values of the three alternative scenarios are significantly different from baseline. The reported p-values show that the Competitive regime under-performs, for all tested specifications, in statistically-significant terms. Indeed, productivity growth is substantially lower in the Competitive scenarios 3 and 4. Inequality among workers is higher, and the more so the lower the constraints in wage settings, while the average tenure of workers is dramatically reduced.
Institutional shocks: the effects of labour market structural reforms
In the following experiments, we shall start from a Fordist regime in all scenarios, and at period t = 100, we change institutions governing the labour market in three of them. These institutional shocks represent the introduction of new policies or legislation meant at the implementation of "flexibilizing" structural reforms. Again, the three alternative scenarios represent different configurations of the Competitive regime, according to the regulatory firing rules. 12 The tested scenarios are:
1. FORDIST: no institutional shock, our baseline; 2. COMPETITIVE 1: firm fires workers whenever the fixed-period work contract of each worker expires; this rule captures a pattern of purely temporary employment; 3. COMPETITIVE 2: firm fires the unneeded workers whenever shrinking production; 4. COMPETITIVE 3: fresh workers can be freely fired but after some time on job, workers can be dismissed only in case of production shrinkage (increasing protection policy).
The order in which the alternative Competitive scenarios are proposed catches a decreasing notional flexibility: from Competitive 1 to 3, firms are free to fire but find increasing restrictions from the institutional rules. In all cases, however, the labour market conditions become now crucial in determining the wages requested by workers and offered by firms. Unlike the Fordist baseline, where both firm-and aggregate-level variables enter the wage determination, here only individual employment status and firms vacancies do affect it, by means of a worker-level bargaining process. This implies that wages are respondent and flexible to the unemployment condition, on the supply side, and also to the firms effective labour needs, on the demand side. Let us examine the patterns for job vacancy and unemployment rates before and after the introduction of structural reforms (see Figure 4) . The job vacancy (open positions) series exhibit a constant level pattern among the experiments, even if with different volatilities. However, the introduction of structural reforms (indicated by the vertical dotted line) at t = 100 determines a markedly different behaviour in unemployment, which surges from less than 1% in the Fordist regime to about 10% level in Competitive 2 and 3, reaching a level around 20% in the temporary-only contracts scenario (Competitive 1).
The dynamics of wages is presented in Figure 5 (a). After structural reforms, the (log) trajectories gradually diverge, with the average real wage in the Competitive scenarios moving to a lower growth path. This phenomenon is due to the increasing functional income inequality, as the previous wage growth trend is diverted toward profits after the labour market flexibilization. The cause of this functional income redistribution, in all Competitive cases, wage growth does not completely absorb -via wage indexation -productivity growth, which is instead captured by increased mark-ups and profits. 13 Notice the change in functional income distribution highlighted in both Figure 5 (b) and table 5: despite the invariance of the mark-up pricing rule, the actual profit share rises almost 5 percentage points.
The structural reforms aimed at "flexibilizing" the labour market do not only impact on the functional income distribution, but also on the personal one (cf. Figures 5(c) and 5(d) ). The real wage dispersion and the Gini index allow to grasp the change in personal income inequality from different perspectives. Real wage dispersion, which takes into account only earnings from working activity (i.e., wages from employed workers excluding unemployment benefits), tends to be higher in Competitive 2 and 3 scenarios vis-à-vis Competitive 1, as in the latter case only temporary-work contracts exist and all workers periodically enter and exit the unemployment status. In such a situation, the possibilities for wage differentiation among workers is obviously reduced but at the cost of an equalization "at the bottom". Conversely, the Gini coefficient, which captures not only the wage income but also the compositional change between employed and unemployed workers, markedly increases in the temporary-only contracts scenario (Competitive 1), due to the higher unemployment. Consistent with Figure 4 , this reflects the increased degree of income inequality among all workers, whether employed or not. Table 5 , under the different Competitive regime scenarios, both functional and personal income inequality significantly increase, as witnessed by the surge in both average mark-ups and the Gini index. In contrast to the usual claim of the "standard" policy discourse, structural reforms do not even improve the performance of the economy in the long run. Indeed, the higher inequality resulting from the increased flexibility of the labour market reduces aggregate demand and slows down technological search efforts, and, consequently, the innovation and diffusion rates. As a result, productivity and GDP growth are significantly reduced in the all structural-reform scenarios in comparison to the Fordist regime. Dosi et al. (2018a) address the emergence of hysteresis in the labour-augmented K+S model and the ensuing dynamics of long-term unemployment in the two growth regimes presented in Table 2 . In order to capture the potential microeconomic roots of hysteresis, according to the literature in the subject, the model was further extended by (i) an endogenous process of worker skill accumulation, and (ii) decoupling the firm-entry and exit processes and allowing for a variable number of firms to exist in each market.
The emergence of hysteresis
The labour market and skills dynamics
Once the economy enters a long recessionary phase, firms tend to fire workers. During severe recessions, like the 2008 crisis, unemployment, which under milder downturns could be in principle temporary and cyclical, turns out to be persistent, implying that many workers experience long unemployment spells. Unemployed workers, of course, stop learning by doing and lose contact with the new practices and techniques introduced by firms, and gradually deteriorate their skills. As the economy recovers and the unemployed are finally hired, their productivity is now lower than incumbent workers, reducing the overall productivity.
In order to account for such a process of workers' skill accumulation and deterioration linked to the macroeconomic dynamics, we introduce worker-specific job tenures, assuming a learning-by-doing process when employed and a gradual deterioration of skills while unemployed. The skill level s ,t ∈ R + * of each worker evolves over time as a multiplicative process:
with the learning rate τ ∈ R + parameter. As a consequence, when worker is employed her skills improve over time, as she becomes more experienced in her job. Conversely, unemployed workers lose skills. In particular, when a worker is hired in the model, she immediately acquires the minimum level of skills already present in the firm (the existing worker with the lowest skills), if above her present level. Workers' skills define their individual (potential) productivity A ,t :
that debt is growing faster (slower) than the accumulation of cash equivalents. This means that whenever the overall liquidity-to-debt ratio is shrinking would-be firms are more inclined to enter, and vice versa.
Detecting hysteresis
Assessing the emergence of hysteresis is not a trivial task as there is no conclusive test or even widely accepted criteria for this. However, there are several properties and techniques which do help uncover particular aspects of hysteresis. In line with the literature, we employ a set of analytical methods, summarized in Table 6 , which provide reasonable evidence of the presence of hysteresis in the K+S model, as it was also shown for real data. Dosi et al. (2018a) study whether the time series generated by the model present evidence of (i) remanence, (ii) persistence, (iii) non-linearity, (iv) path dependence, and (v) super-hysteresis. Needless to say, these properties are to some degree overlapping. As before, the analysis is performed considering the two alternative growth regimes presented in Table 2 . In term of remanence, Figure 6 illustrates the number of periods (grey area) necessary to put the economy back to the pre-crisis growth trend (dashed line) in typical simulation runs. 14 The analysis is inspired by Blanchard et al. (2015) and simply performs an extrapolation of the long-run GDP trend to detect the recovery from crises under the possible presence of hysteresis. The results show the coexistence of shorter business cycle downturns with longer, hysteretical crises, requiring significant more times for the economy to recover. Note also the presence of super-hysteresis, particularly in the Competitive regime, revealed by the different slopes of the peak to to peak GDP trends (dashed lines). Table 7 reports the average recovery duration for both the GDP and mean unemployment time (the average period a worker takes to find a new job). While the duration of GDP trend recovery is similar among regimes (around 16 quarters), the unemployment time takes almost five times more to return to the pre-crisis level in the Competitive case. In order to better assess the severity of the crises, we also track the peak GDP trend deviation during the recovery period (how farther the GDP gets from the pre-crisis trend) and the accumulated GDP losses in comparison to the trend (the crisis "cost"). The model robustly shows how Competitive regime crises are about twice deeper than in the Fordist scenario. Accumulated GDP losses comparison leads to a similar conclusion.
14 A crisis is defined by a 3% drop of the GDP in a single period which is not recovered in the next three periods.
The pre-crisis level is calculated as the average GDP for the four periods before the crisis and the trend, as the output of an H-P filter at the period just before the crisis. The crisis is considered recovered when the GDP reaches back the pre-crisis trend level. In summary, the expanded model is now able to generically exhibit path dependence, nonlinearity and non-ergodicity in its main macroeconomic variables (check Dosi et al., 2018a for the detailed results of all tests in Table 6 ), presenting hysteresis as a bottom-up emergent property. Moreover, the model suggests that both numerical and wage flexibility, as present in the Competitive regime, are quite prone to increase the hysteretical properties of the macroeconomic system, thus worsening its short-and long-run performance.
6 Fiscal and active labour market policies Dosi et al. (2018b) compare the different effects of active (supply-side) vs. passive (demandside) labour market policies (ALMP vs. PLMP) on macroeconomic dynamics, considering the two growth regimes defined in Table 2 . In particular, the authors analyse the effects of ALMP directed at promoting job search and/or providing training to unemployed people under the two regimes. Finally, they test such policies in different fiscal scenarios and, in particular, their interaction with fiscal-austerity policies. Considering the burden of unemployment benefits upon the public budget, the K+S model conditions the provision of PLMP to the objectives of "austerity rules" such as the European Stability and Growth Pact (SGP), a 3% deficit-to-GDP and a 60% debt-to-GDP ratio, and the European Fiscal Compact (FC), a restructuring path in case of debt overhang. In doing so, it explicitly accounts for the interactions between decentralized labour and credit markets, coupling the real and financial dynamics.
To evaluate the effect of this policy set, the labour-augmented K+S model was upgraded to include a full banking sector and proactive government and central bank (in line with Dosi et al., 2015) . From a policy perspective, the model allows studying the interplay between labour-market and fiscal measures by comparing the relative performance of supply and demand policies during economic crisis. Two types of ALMP were modelled: job search incentives, and government-sponsored training of unemployed workers. As before, the PLMP considered were unemployment benefits. In doing so, we try to closely mimic the type of policies put forward, for instance, by the OECD Jobs Study and by the SGP, and compare it with the classic Keynesian automatic stabilizer represented by the unemployment benefit. Therefore, the model novelty consists in new modelling tools and policy analysis dimensions.
We study policy mixes combining flexible labour markets (Competitive regime) with ALMP and fiscal austerity. The objective is testing how the implementation of the full package of reforms -as several countries recently did -would affect the simulated system. For this purpose, we test the best-performing Competitive variant, which includes an indexed minimum wage and unemployment benefits, under two alternative fiscal policies. The first one simply entails the already analysed automatic stabilizer rule (Competitive AS), wherein there is no hard limit to public expenditure. The second case applies the European Fiscal Compact criteria (Competitive FC), which enforces strict prescriptions for the public deficit and debt. Claimed targets of such reform package are (i) to improve GDP growth, (ii) the stabilization of public finance, and (iii) the smoothing of labour market mechanisms. Also, the no-reform Fordist scenario is included for reference. Dosi et al. (2018b) .
Do the alternative reform packages succeed? Let us focus on the economic performance when unemployment benefits have no binding constraint, as in the Fordist and Competitive AS scenarios. In comparison, the Competitive FC set-up may temporarily cut these benefits to comply with the policy prescriptions. Figure 7 and Table 9 present a concise set of the relevant metrics that describe the model results under the AS and FC fiscal rules. Figure 7(a) shows the long-term path of GDP (actual and if all available capacity is employed). Not surprisingly, whenever the FC rule is binding, and so unemployment benefits are temporarily reduced, the GDP growth trajectory is permanently damaged. Such super-hysteresis phenomenon (Ball, 2014; Blanchard et al., 2015) is present in both Competitive set-ups but is more pronounced under the FC variant. Moreover, when comparing the GDP losses during crises in Figure 7 (b), the FC rule clearly reveals the significant costs associated to "turning off" the Keynesian automatic stabilizers during the periods in which they are actually more required. Table 9 shows the quantitatively-relevant effects of these costs under several dimensions.
However, the status of public finance does not improve in the Competitive set-ups when compared to the Fordist case, well the opposite holds. First, public deficit as shown by Figure 7(c) ) indicates a possible long-run sustainability problem of the Competitive AS scenario, given the high level of accumulated public debt revealed in Figure 7(d) . Second, even if the Competitive FC scheme is (by construction) sustainable in the long run, its associated social costs may be dramatic, as indicated in Table 9 . Figure 7(d) shows that public debt in the FC scenario does not converge to the Fordist case even in the long run due to its short-term self-defeating nature. Indeed, as detailed shown in Dosi et al. (2015 Dosi et al. ( , 2016 , austerity policies are frequently unsustainable in the long run, bringing the economy to a collapse under a relatively high probability. In this respect, the higher degree of banks fragility due to debtor-firm defaults, as discussed above, represents another important channel inducing the self-defeat of austerity. Flexibility and deregulation policies, causing higher bank-failure rates, and therefore triggering bank bail-outs, entail a higher level of public indebtedness and FC rules violation, enacting the rule which force the temporary reduction of unemployment benefits. As discussed in the previous sections, we have already shown that more flexibility of the labour market, both in terms of wage adjustments and hiring/firing rules, are likely to make the system more fragile and to be detrimental in both the short and the long run in terms of unemployment rates, GDP growth, and inequality. After exploring the extent to which such effects can be reversed, or at least mitigated, by active labour market policies, it gets clear that they cannot. Neither more efficient matching on the labour market, nor government-sponsored skill-enhancing programs are enough when workers face adverse labour demand. Passive labour market policies, sustaining aggregate demand, are better suited to mitigate inequality and to foster long-run growth. Also, adding some deregulation of credit supply in presence of flexible labour markets further adds to the fragility of the system as revealed by the amount of bad loans that the economy accumulates, further worsening the situation.
The feedback mechanisms
Overall, the findings of this series of papers (Table 1) may be summarised by the flow diagram presented in Figure 8 . The chain of feedback mechanisms at work after the transition to Competitive regime yields higher functional inequality, increased wage dispersion, more income concentration, and macroeconomic hysteresis, which can hardly be deactivated by the usual policy responses, like active labour market policies. The reduced aggregate demand and the persistent long-term unemployment feed back upon both wage and numerical flexibility which in turn amplify the former. The K+S model, deeply Keynesian in spirit, entails a wage-led dynamics wherein inequality is detrimental for the macro dynamics: lower effective demand slows down investment notwithstanding firms relatively higher margins and profits. Let us consider the mechanisms at work in some detail.
1. FROM WAGE FLEXIBILITY TO UNEQUAL INCOME DISTRIBUTION: the first mechanism relates to the lower share of wages and a correspondingly higher share of profits in Com- petitive set-ups. The change in functional income distribution impacts macroeconomic dynamics via different propensities to consume between workers and capitalists. Indeed, even though wages are fully spent in both regimes, the lower wage share leads to a smaller aggregate consumption. In turn, the latter induces a reduction in investments via an accelerator-type mechanism. The ensuing lower aggregate demand is followed by increased unemployment. The larger fraction of unemployed workers causes a surge in inequality as measured by the Gini index. Additionally, the longer the unemployment spells, the lower the wages requested by workers.
Regime transition
2. FROM NUMERICAL FLEXIBILITY TO UNEQUAL PERSONAL INCOME DISTRIBUTION: the second channel concerns the firing process. If firing is easier and unemployment spells are longer, recently hired workers tend to have lower wages, inducing among-worker inequality. On top of that, when firing is linked to the production shrinkage inter-firm wage inequality also increases because firms are heterogeneous in their market performances.
3. FROM NUMERICAL FLEXIBILITY TO SKILLS DETERIORATION AND HYSTERESIS: the third mechanism goes from numerical flexibility toward skills deterioration. The easiness of firing determines a drop in job tenures and, indirectly, has a negative effect on skill accumulation, and so, consequently, on productivity. Not only the firing rule, but also the dismissed worker selection criterion affects the productivity growth dynamics. In the Fordist regime, workers with lower skills are fired first. Conversely, in the Competitive case, firms use the skills-to-wage ratio to dismiss first workers with inferior short-term return. Such a behaviour has negative impact on the average skill level of workers over time.
4. FROM DECLINING AGGREGATE DEMAND TO KEYNESIAN UNEMPLOYMENT: the fourth channel goes from higher unemployment induced by inequality and hysteresis to wage and numerical flexibility. Higher unemployment reduces workers bargaining power in the wage determination process, yielding lower wage growth, and, consequently, shrinks the effective demand for firms, thus increasing the firing rate. The process exacerbates inequality, and propagates in a vicious cycle.
Further discussions and conclusions
In this work we analysed the main findings obtained from the labour-augmented K+S agentbased model. Firstly, the model was used to address the introduction of labour market structural reforms. Secondly, it was used to understand the phenomenon of macroeconomic hysteresis, in particular the influence of the labour skills dynamics on the long-run growth path. Lastly, the model was employed to compare the performance of the economic system under supply-and demand-side management polices, including the presence of fiscal austerity. In summary, the model was employed as a laboratory to evaluate the effects of some recent policy interventions proposed to mitigate the impact of big economic crises, as labour market "flexibilization" reforms, active labour market policies and fiscal austerity. To a good extent, the model mimicked the responses European Union and many Latin American countries, Brazil in particular, have developed in reaction to the recent economic crises. The model robustly demonstrated that more flexibility in terms of monetary wages and labour mobility induces systematic coordination failures, macro volatility, unemployment, and more frequent crises. Indeed, it is precisely the downward flexibility of wages and employment -as profitable as it might be for individual firms -and the related higher degrees of inequality that leads, recurrently, to aggregate demand failures, as a model's emergent property. The same mechanism, we suggest, was also at the heart of both the 1929 and 2008 crises, no matter what the triggering factors (often to be found at the financial level).
The experiments we have performed vindicate the notion that a too flexible wage-labour nexus can be detrimental for aggregate economic dynamics. Only when flexibility in wages and employment is accompanied by policy measures which mitigates the recurrent downward pressures, like passive Keynesian automatic stabilizers, the system does not collapse. Furthermore, contrary to the argument that higher labour flexibility fosters productivity growth, the model clearly shows the opposite: productivity in regimes without full wage indexation and unemployment benefits cannot grow at the same pace. Yet, the model shows that policy interventions on this direction effectively cause the increase of both functional and personal income inequality, on the one hand, and of the unemployment rate, on the other. Conversely, the model fails to provide any evidence of an equity-efficiency trade-off. On the contrary, the two dimensions are highly correlated: a larger fraction of unemployed workers (who get reduced or no unemployment benefits) simply increases the level of personal income inequality. Finally, we found robust evidence on how the degrees of job protection and the wage setting policies directly affects functional income distribution.
Contrary to the economists' common wisdom, structural labour market reforms are far from being a panacea for unemployment, growth and income redistribution. On the contrary, they tend to exacerbate the asymmetry in the bargaining power between workers and firms, in favour of the latter. In turn, this pattern, especially when it comes together with the reduction or elimination of unemployment benefits, tend to worsen also macroeconomic conditions in terms of unemployment rates and the long-run growth of income and productivity. Indeed, it happens that the nearer the system gets to competitive conditions in the labour market, the harder it is for the Schumpeterian engine of innovation and growth to operate. More unequal income distribution and higher unemployment spells induce, via Keynesian mechanisms, a stagnation bias in the aggregate dynamics.
Here is where the failure of the Keynesian demand-generating engine feeds back upon the Schumpeterian process of technological advance. Crises are not blissful events whereby the gales of creative destruction break incumbent bottlenecks and open up new opportunities for innovation. On the contrary, crises and the associated lack of aggregate demand reduce the amount of resources invested in innovative search (in our model, the R&D budget of the machine-producing sector), shrink the investment in new vintages of equipment, and slow down the scrapping of old machines. The result is a reduction in the rates of productivity growth and, if such recessionary events occur often enough, a reduction in the long-term growth rate of the economy, even beyond the permanent loss in GDP levels, verified as a form of super-hysteresis in the model. The K+S model findings, indeed, showed the pernicious longterm effect of austerity policies. After all, austerity-and wage/unemployment-driven deflation are exogenous (the former) and endogenous (the latter) shocks upon the demand coordination process.
Needless to say, the normative implications from the set of papers analysed here are farreaching and point in directions opposite to the fairy-tales of labour market structural reforms and expansionary austerity. If one trusts the interpretative power of the proposed model, more employment safeguards, less permissive firing rules, less wage inequality, and more welfare protection are not only good for the workers, but also for the economy as a whole.
All this considered, it turns really surprising the directions countries like the members of the European Union and Latin America have taken to attenuate the long-lasting crisis started by the 2008 housing crash. If we take Brazil as a radical, recent example, the delivered set of government responses are an almost perfect counter-example of the required policies, according to our results, to mitigate the deepest recessionary period ever faced by the country (almost 10% GDP per capita reduction in three years). For instance, a nominal budget constraint was imposed to the public expenditure, irrespective of the effective deficit level, forcing the government to continuously shrink the already weak welfare protection system. Moreover, a radical labour market flexibilization reform was passed, in practice removing most hiring/firing restrictions from firms. Such policy mix has not put the Brazilian economy on a minimally satisfying recovery path, with unemployment still close to the historical peaks (around 13%) and the growth of the GDP per capita near zero after five years from the beginning of the crisis. Unfortunately, these are exactly the same results our model produce for such draconian policy set-up, hinting on its adequacy for this kind of analysis, and suggesting to move to a policy mix characterized by lower labour flexibility and strongly counter-cyclical fiscal interventions.
